Ethnicity may be considered a factor when considering what size endotracheal tube to insert. In particular it has been suggested that Chinese patients have a smaller tracheal diameter, justifying the selection of smaller endotracheal tubes. We systematically evaluated transverse tracheal diameters in Chinese and Caucasian patients, utilising archived computer tomography images. A convenience sample of 100 Caucasian patients from Australia was compared with 100 Chinese patients from Hong Kong. Patients over 18 years of age who had undergone a computerised tomography scan of the neck and thorax, and also had accurate body height and weight recorded, were studied. The mean transverse diameter of the trachea measured at three levels was similar between the Chinese and Caucasian patients. At the narrowest measurement point, the immediate subcricoid transverse diameter, the unadjusted mean difference between male Chinese and Caucasian patients was small (1 mm, standard deviation 0.83 mm, P=0.01), and similarly small between female Chinese and Caucasian patients (1.5 mm, standard deviation 0.8 mm, P <0.01). Multivariate analysis demonstrated only a small influence related to ethnicity (12% relative contribution to the overall variance [R 2 ] of the model), but substantial influence of height (40%) and sex (41%). Our findings do not support the practice of routinely selecting a smaller endotracheal tube size for Chinese patients on the basis that there is a difference related to the Chinese ethnic phenotype. Considerations regarding choice of endotracheal tube size should rather focus on patient sex and height.
Introduction
Matching the external diameter of an endotracheal tube to the internal diameter of the trachea is important, as an endotracheal tube that is too large for the trachea may cause pressure necrosis of the tracheal mucosa and associated cartilage structures 1, 2 . This is especially true in intensive care, and in postoperative patients requiring mechanical ventilation, as the duration of tracheal intubation is prolonged beyond a few hours 3, 4 . Some complications such as tracheal stenosis are difficult to manage and may have catastrophic consequences for patients [4] [5] [6] . However, maximising the diameter of the endotracheal tube for those patients undergoing prolonged ventilation has advantages such as minimisation of airway resistance, facilitation of endotracheal suction and bronchial toilet, reduction in the risk of suction-related atelectasis, and a decrease in the risk of obstruction by airway secretions 7, 8 .
Endotracheal tube sizes are generally chosen on the basis of pre-existing rules of thumb, often based on departmental practice, and are not evidence-based 9 . Most published recommendations have been developed on the basis of observations and experience in Western, largely Caucasian, populations 10 . Potential factors that influence this choice include the patient's sex, body mass index (BMI), purpose and expected duration of intubation, and possibly ethnicity. We have observed that there is a perception, both internationally and in China, that Chinese patients typically require intubation with endotracheal tubes that have a smaller diameter than those recommended for Caucasian patients. This could relate to the perceived altered body build of the Chinese population, which has prompted studies of tracheal size in Chinese paediatric populations 11 . Systematic craniofacial differences between Chinese and Caucasian patients with sleep apnoea have also been reported 12, 13 . It is therefore plausible that tracheal diameters in Chinese might also be systematically different when compared with tracheal diameters in Caucasian patients. The relationship between tracheal diameter and body size, measured by patient variables such as age, height, weight and BMI have been previously investigated, with inconsistent correlations reported 10, [14] [15] [16] . However, to our knowledge the effect of ethnic phenotype on tracheal diameter has not been systematically investigated.
This study was designed to examine the hypothesis that there is a clinically significant difference between tracheal sizes of Caucasian and Chinese populations, independent of individual patient sex and body size (assessed by height, weight and BMI).
Materials and methods
Ethics approval for the conduct of the study was obtained from the Clinical Research Ethics Committee of The Chinese University of Hong Kong (CRE 2012.453) and Research and Human Research Ethics Committee of Barwon Health, University Hospital Geelong (12/34).
The records of Caucasian or Chinese patients of age 18 years or older, who had undergone a computerised tomography (CT) scan of the neck and thorax at either the University Hospital Geelong (Victoria, Australia) or the Prince of Wales Hospital (Hong Kong) were retrospectively examined. The investigators retrieved CT scans that had been performed for the following conditions: trauma (not involving the head and neck), or pulmonary or cardiac ischaemia diagnostic investigations. Only scans where the patient's age, sex, ethnicity, body weight and height were recorded, and which included the neck and chest, were evaluated. Exclusion criteria were intubated patients, previous tracheostomy, fractures of the mandible, neck tumours, cervical spine injury, or known congenital or acquired airway problems.
The demographic data collected from each patient included the age, sex, ethnicity, height and weight. BMI was derived from the height and weight data.
Sample size
Previously published data in Caucasian patients (subcricoid coronal diameter 16.6 mm, standard deviation [SD] 2.9 mm in males; and 13.1 mm, SD 2.3 mm in females) 10 was used to provide estimates of expected tracheal size and SD. The study was powered to detect a 2 mm difference in tracheal diameter between Chinese and Caucasian subjects at the narrowest subglottic portion of the trachea (a 2 mm reduction in diameter corresponds to the equivalent external diameter difference of two sequential endotracheal tube sizes). To identify this degree of difference 28 women and 45 men in each group would be required (alpha 0.05, power 0.90). Therefore a total of 100 male and 100 female patients from either institution were recruited to allow for patients with important missing data, the possibility of recorded images that had insufficient scope or clarity to allow accurate measurement, and adequate sex matching. While the sample size was estimated with the intention of making a direct comparison of the primary endpoint, the sample size was sufficient to allow the application of more clinically informative regression techniques.
Tracheal diameter measurement
The smallest laryngotracheal diameter lies in the immediate subcricoid region, distal to the glottic area, and therefore defines the required maximal external diameter of a ventilation tube 10, 17 . In addition the transverse plane has been shown to be narrower than the anterior-posterior diameter 10, 16, 18, 19 . Tracheal diameter was therefore measured at the laryngotracheal point of constriction in the transverse plane as described by Coordes et al 10 , and two other anatomically defined points in the trachea. Maximal tracheal diameters in the transverse plane were measured at three levels by a single investigator in each institution: • Measurement 1 (M1)-immediate subcricoid level as described above 6 • Measurement 2 (M2)-immediately superior to where the manubrium becomes visible • Measurement 3 (M3)-at the superior level of aortic arch Measurements were made by an experienced radiologist from each institution (JG and DL). At the start of the study, sample images were exchanged to ensure uniformity in measurement.
Statistical analysis
The age, height and weight of the two samples were tested for a normal distribution using the Kolmogorov-Smirnov test. The continuous variables were reported as mean and SD or median and interquartile range (IQR) as appropriate. The Student's t-test or Mann-Whitney U-test were used to compare demographic differences between the Caucasian and Chinese populations. A multiple regression was used to examine the role of ethnicity on cricoid diameter, controlling for height, weight and age. As we expected multicollinearity problems between height, weight and BMI, we chose not to use BMI as a factor. We estimated the proportion of total variance explained by the model (R 2 ) and the relative importance of each factor using the 'rego' package for STATA software. The level of significance was P <0.05. Statistical analysis was performed using SPSS 17.0 (SPSS Inc, Chicago, IL, USA) and Stata 14.1 (StataCorp, College Station, TX, USA).
Results
CT scans from 100 Caucasian patients (59 male and 41 female) were obtained from University Hospital Geelong in Australia, and from 100 Chinese patients (55 male and 45 female) from Prince of Wales Hospital in Hong Kong. The Caucasian patients were older than the Chinese patients (median 76 years, IQR 69-81 years, versus 61 years, IQR 52-69 years respectively, P <0.001) and had higher BMI (mean difference 5.4 kg/m 2 , 95% confidence interval [CI] 4.1 to 6.6 kg/m 2 ). Patient demographic and tracheal diameter measurements by ethnicity are shown in Table 1 . The unadjusted mean difference at the M1 measurement point between male Chinese and Caucasian patients was small (1 mm, SD 0.83 mm, P <0.05). The unadjusted mean difference at the M1 measurement point between female Chinese and Caucasian patients was also small (1.5 mm, SD 0.8 mm, P <0.01). The multiple regression model ( Table 2) explained 62.5% of the total variance in cricoid diameter (M1). However, the relative contribution of ethnicity to the overall variance (R 2 ) of the model was small (12%), in comparison with the contribution of the factors height and sex ( Table 2 ).
Discussion
There was no clinically important difference between the diameter of the trachea in adult Chinese and Caucasian patients. Adjusted for age, sex, height and weight, the effect of ethnicity on tracheal diameter was small. The factors of sex and height predicted tracheal size best. While age in adults had not previously been reported to influence tracheal diameter 10, 16 , a recent Japanese study showed a small but consistent increase in tracheal diameter with increasing age in an adult cohort 20 , and therefore age was included in the multiple regression model. The influence of age on the overall effect was not significant once adjustment for other factors was made.
This study used CT imaging to measure tracheal diameters as this method has been shown to be more accurate than measurements on chest X-ray images and ultrasound 15, 19 , and relevant images could be retrospectively obtained. Measurements of the transverse diameter of the trachea were recorded at three anatomical points along the trachea to provide a comprehensive estimate of tracheal diameter up to the likely depth of insertion of a standard endotracheal tube. However the most clinically relevant measurement of tracheal diameter is that taken at the narrowest part of the trachea in the adult, as this point would be most likely to limit the passage of an endotracheal tube, or represent the point most likely to develop pressure-related tissue injury. The narrowest point of measurement has previously been shown to be immediately subcricoid, and in the transverse plane 10, 16, 18 , and hence this measurement was chosen for the power analysis and primary regression analysis.
There are many potential clinical implications of inserting an inappropriately sized endotracheal tube. Several reports and case series have described complications of using oversized endotracheal tubes, resulting in pressure necrosis and long-term sequelae such as tracheal stenosis and obstruction [4] [5] [6] . While using small sized endotracheal tubes in patients during anaesthesia may reduce complications such as early postoperative sore throat and hoarseness, the disadvantages of using a small sized endotracheal tube in patients who require prolonged mechanical ventilation in the intensive care unit (ICU) are significant 8 . In the setting of prolonged ventilation, the role of the endotracheal tube extends beyond delivering ventilator gases, to allow access to suction airway secretions and to facilitate safe and effective bronchoscopy. An older study investigated the effect of tracheal suction and endotracheal tube size on pulmonary function. The authors concluded that when the ratio of the outer diameter of the suction catheter to the internal diameter of the tracheal tube was greater than 0.5, negative pressure was transferred to the intrathoracic volume, and the resultant negative pressure may result in acute atelectasis and cardiovascular compromise 7 . The proportion of cross-sectional area obstructed with a standard 5.7 mm bronchoscope was 55.8% of the cross-sectional area of a 7.0 mm tube, and thus a minimum endotracheal tube size of 7.5-8 mm internal diameter has been recommended to facilitate bronchial toilet in ICU patients 8 . In patients sensitive to increases in the work of breathing (WOB), small tracheal tube diameters may result in markedly higher resistance to gas flow resulting in greater WOB during ventilator weaning, Tracheal diameter in the transverse plane was measured at three levels: M1 (immediate subcricoid), M2 (manubrium) and M3 (aortic arch level). The average of the three measurements is also reported. Values are reported as mean (standard deviation) or median (interquartile range).
and thus a larger tube size will reduce WOB and may be associated with more successful weaning 9, 21, 22 . It should be remembered that tracheal injury is also induced by inappropriate cuff pressure management, and is more common than pressure necrosis caused by incorrect endotracheal tube size 23 . While cuff-related pressure necrosis is well established, it is likely to occur at an anatomical site substantially distal to the narrowed cricoid region. Cuff pressure management is an essential part of endotracheal tube care, and while precise targets are not clearly defined, measurement of cuff pressure 6-12 hourly aiming for cuff pressure of 20-30 cmH 2 O is currently common practice 24 .
While the focus of this study was to investigate whether reducing endotracheal tube size on the basis of Chinese ethnic phenotype is necessary, the broader question related to correct choice of endotracheal tube size remains important. Few studies have addressed the issue. Recently Coordes et al suggested the use of a height-based algorithm, while Lakhal et al suggested the use of pre-intubation ultrasound 10, 19 . While both have promise, neither suggestion has been prospectively tested.
Our study has several limitations. Firstly, a convenience sample was utilised, and not a random selection from the populations of interest. As a result, the groups compared were not matched for age. In adults, advancing age has been shown to be associated with a small but consistent increase in tracheal diameter 20 . For this reason, age was included in the multivariate analysis, which again found only a small agerelated effect on the resulting overall predictive model. The multivariate analysis should also be interpreted with caution, because the model derived was not tested for validity on a subsequent cohort. Secondly, for practical reasons, a limited number of tracheal measurements, covering three points of tracheal depth, were obtained. Nevertheless the measurement positions were carefully chosen, based on the results of previous studies of tracheal diameter. Specifically, the study of tracheal morphology by Coordes et al is the most detailed and recent description of tracheal morphology, determined by CT scanning that identified the subcricoid plane, and in particular the transverse plane, as the narrowest part of the subglottic airway 10 . Lastly, regarding the use of double-lumen endotracheal tubes, measurement of the diameter of the trachea has been shown to be useful to predict appropriate tube size 16 ; however, measurement of the proximal left main bronchus may have been of interest. This was not considered in the study plan, and unfortunately a substantial number of scans included in the study failed to include views of the appropriate anatomy.
Conclusion
Our findings do not support the practice of selecting a smaller endotracheal tube size for Chinese patients on the basis of ethnic phenotype alone. Considerations regarding choice of endotracheal tube size should focus on patient sex and height, independent of Chinese ethnicity.
